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METHOD OF CONTROLLIHG THE EXHAUST GAS TEMPERATURE FOR AFTER-TREATMENT 
SYSTEMS ON A DIESEL ENGINE USING A 
VARIABLE GEOMETRY TURBINE 

CROSS-REFERENCE TO RELATED APPLICATONS 

The present application is a continuation-in-part of U, S. Patent 
Application No. 10/717,232 filed November 19, 2003, which is a 
continuation-in-part of U. S. Patent Application No. 10/659,857 filed 
September 11, 2003, which claims priority to British Patent Application 
No. 0226943.9 filed November 19, 2002. Each of the above applications 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a method of 
controlling a variable geometry turbine. More particularly, but not 
exclusively, the present invention relates to a method for controlling 
a variable geometry turbocharger to affect a diesel engines exhaust gas 
temperature to a desired level for after-treatment systems. 

After-treatment system performance is directly related to the 
temperature of the exhaust gas that passes through it. Designers of 
after-treatment systems recognize that for desired performance the 
exhaust gas temperature must be above a threshold temperature under all 
operating conditions and ambient conditions. The threshold temperature 
is generally recognized as being within a range of about 500° F to 
about 700° F. The operation of the after-treatment system below the 
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threshold temperature range will cause the after-treatment system to 
build up undesirable accumulations. The undesirable accumulations must 
be burnt off in a regeneration cycle to allow the after-treatment 
system to return to the designed performance levels. Further, 
prolonged operation of the after-treatment system below the threshold 
temperature without regeneration will disable the after-treatment 
system and cause the engine to become non-compliant with government 
regulations . 

It is recognized that the exhaust gas temperatures for the 
majority of the operating range of a diesel engine will generally be 
above the desired threshold temperature. However, light load 

conditions and/or cold ambient temperatures often cause the exhaust gas 
temperature to fall below the desired threshold temperatures. 

The present inventions provide a novel and non-obvious method for 
controlling the variable geometry turbocharger to increase the exhaust 
gas temperature to the desired threshold temperature for the after- 
treatment system. 
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SUMMARY OF THE INVENTION 

One form of the present invention contemplates a method 
comprising: operating a turbocharger including a variable geometry 
turbine having an inlet passage to the turbine with a fluid flow area, 
the fluid flow area having a normal size for an internal combustion 
engine operating in a normal operating range; reducing the size of the 
fluid flow area from the normal size to a reduced size for exhaust gas 
heating; and bypassing a portion of the exhaust gas entering the inlet 
passage around the guide vanes of the variable geometry. turbine. 

Another form of the present invention contemplates a method 
comprising: operating a turbocharger including a moving nozzle vane 
variable geometry turbine, the turbine including an inlet passage 
having an exhaust gas flow area adapted for the flow of an exhaust gas, 
the exhaust gas flow area having a first size configured for an 
internal combustion engine operating in a normal operating range; 
determining a first temperature of the exiting exhaust gas of the 
variable geometry turbocharger; moving a nozzle ring within the 
variable geometry turbine to decrease the exhaust gas flow area from 
the first size to a reduced size if the first temperature does not 
satisfy a threshold temperature condition; and, bypassing a portion of 
the exhaust gas entering the inlet passage around a plurality of vanes 
of the variable geometry turbine. 

Yet another form of the present invention contemplates amethod 
comprising: operating a turbocharger including a swing vane variable 
geometry turbine having a plurality of guide vanes, the turbine 
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including an inlet passage having an exhaust gas flow area adapted for 
the flow of exhaust gas, the exhaust gas flow area having a first area 
for an internal combustion engine operating in a normal operating 
range; determining a first temperature of the exhaust gas proximate the 
outlet of the variable geometry turbocharger; swinging the plurality of 
guide vanes within the variable geometry turbine to reduce the size of 
the exhaust gas flow area from the first area to a reduced area if the 
first temperature does not satisfy a threshold temperature; and, 
flowing a portion of the exhaust gas entering the inlet passage around 
the plurality of guide vanes of the variable geometry turbine. 

One object of the present invention is to provide a unique method 
for controlling a variable geometry turbocharger. 

Related objects and advantages of the present invention will be 
apparent from the following description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional illustration of a prior art variable 
geometry turbocharger including a nozzle ring. 

FIG. la is a schematic illustration of a turbocharger coupled in 
flow communication with an after-treatment system. 

FIGS. 2a and 2b illustrate a modification of the turbocharger of 
FIG. 1 in accordance with the present invention. 

FIGS. 3a and 3b illustrate a second embodiment of the present 
invention. 

FIGS. 4a and 4b schematically illustrate a third embodiment of 
the present invention. 

FIG. 5 is an axial cross section of a swing vane variable 
geometry turbine with the vanes in the closed position. 

FIG. 6 is an enlarged partial view of the turbine of FIG. 5 
showing the vanes in the open position. 

FIG. 7 is an enlarged view of the vanes in FIG. 6 showing one 
embodiment of the sidewalls. 
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FIG. 8 is an end elevation of the vanes around the turbine wheel 
in a closed position. 

FIG. 9 is an end elevation of the vanes around the turbine wheel 
in an open position, 

FIG. 10 is a sectional side elevation of another form of the 
present invention comprising troughs in one of the sidewalls. 

FIG. 11 is an end elevation of the vanes in an intermediate 
position and showing the troughs in a sidewall. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting understanding of the principles of 
the invention, reference will be made to the embodiments illustrated in 
the drawings and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of the scope of 
the invention is hereby intended and alterations and modifications in 
the illustrated device, and further applications of the principles of 
the present invention as illustrated herein being contemplated as would 
normally occur ''to one skilled in the art to which the invention 
relates . 

Turbochargers are well known devices for supplying air to the 
intake of an internal combustion engine at pressures above atmospheric 
(boost pressures) . A conventional turbocharger essentially comprises 
an exhaust gas driven turbine wheel mounted on a rotatable shaft within 
a turbine housing. Rotation of the turbine wheel rotates a compressor 
wheel mounted on the other end of the shaft within a compressor 
housing. The compressor wheel delivers compressed air to the engine 
intake manifold. Turbines may be of a fixed or variable geometry type. 
Variable geometry turbines differ from fixed geometry turbines in that 
the size of the inlet passageway can be varied to optimise gas flow 
velocities over a range of mass flow rates so that the power output of 
the turbine can be varied to suite varying engine demands. The present 
application contemplates the utilization of the present invention with 
all types of variable geometry turbines, including but not limited to 
moving nozzle vane and swing vane. 
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Conventionally, the variable geometry turbine is used to manage 
air flow into the internal combustion engine under the guidance of an 
engine control unit (ECU) . A turbocharger nozzle ring is generally 
utilized to guide exhaust gas through the turbine stage in order to 
control the engine air flow delivered via the turbocharger compressor 
stage. While the present application was developed for compression 
ignition diesel engines, there is also contemplated herein the 
application to spark ignited engines and engines running on any types 
of fuels be it liquid or gaseous. 

Referring to FIG. 1, this illustrates a known turbocharger as 
disclosed in U. S. patent number 5,044,880. The turbocharger comprises 
a turbine stage 1 and ^a compressor stage 2. The turbine stage 1 is a 
variable geometry turbine comprising a turbine housing 3 defining a 
volute or inlet chamber 4 to which exhaust gas from an internal 
combustion engine (not shown) is delivered. The exhaust gas flows from 
the inlet chamber 4 to an outlet passageway 5 via an annular irilet 
passageway 6 defined on one side by a radial wall 7 of a moveable 
annular member 8, referred to herein as a nozzle ring, and on the other 
side by a facing radial wall 9 of the housing 3. An array of nozzle 
vanes 10 extend through slots in the nozzle ring 8 across the inlet 
passageway 6 from a vane support ring 11 which is mounted on support 
pins 12. The arrangement is such that the degree to which the vanes 10 
extend across the inlet passageway 6 is controllable independently of 
the nozzle ring 8 and will not be described in detail here. 

Gas flowing from the inlet chamber 4 to the outlet passageway 5 
passes over a turbine wheel 12 which as a result drives a compressor 
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wheel 13 via turbocharger shaft 14 which rotates on bearing assemblies 
15 located within a bearing housing 16 which connects the turbine 
housing 2 to a compressor housing 17. Rotation of the compressor wheel 
13 draws in air through a compressor inlet 18, and delivers compressed 
air to the intake of the engine (not shown) via an outlet volute 19. 
With reference to FIG la, there is schematically illustrated the 
passage of the exhaust gas from outlet passageway 5 to an after- 
treatment system. A variety of after-treatment systems as are believed 
generally known to one of ordinary skill in the art is contemplated 
herein. The types of after-treatment systems contemplated herein are 
designed to remove particulates, nitrogen-oxide compounds, and other 
regulated emissions. 

In one form the after treatment system includes a temperature 
detector 2100 for determining the temperature within the after- 
treatment system. The temperature detector may directly determine the 
temperature as though a sensor or may determine the temperature through 
calculations and/or iterations in an algorithm(s) or software (s) 
routine (s). The temperature detector 2100 determines the temperature 
within the system and provides a signal to the ECU to facilitate 
control of the variable geometry turbine to change the exhaust gas 
temperature as needed. Further, the present application contemplates 
that the temperature determination could occur at other locations such 
as, but not limited to the fluid flow outlet of the turbine. It will 
be appreciated that the bearing housing also houses oil supply and seal 
arrangements, the details of which are not necessary for an 
understanding of the present invention. 
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The nozzle ring 8 comprises a radially extending annular portion 
defining the radial wall 1, and axially extending inner and outer 
annular flanges 20 and 21 respectively which extend into an annular 
cavity 22 provided in the turbine housing 3. With the turbine 
construction shown in the figures, the majority of the cavity 22 is in 
fact defined by the bearing housing 16 - this is purely a result of the 
construction of the particular turbocharger to which the invention is 
in this instance is applied and for the purposes of the present 
invention no distinction is made between the turbine housing and 
bearing housing in this regard. The cavity 22 has a radially extending 
annular opening 23 defined between radially inner and outer annular 
surfaces 24 and 25. A seal ring 26 is located in an annular groove 
provided in outer annular surface 25 and bears against the outer 
annular flange 21 of the nozzle ring 8 to prevent exhaust gas flowing 
through the turbine via the cavity 22 rather than the inlet passageway 
6. 

A pneumatically operated actuator 27 is operable to control the 
position of the nozzle ring 8 via an actuator output shaft 28 which is 
linked to a stirrup member 29 which in turn engages axially extending 
guide rods 30 (only one of which is visible in the figures) which 
support the nozzle ring 8 via linking plates 31. However, the movement 
of the nozzle ring 8 could be controlled by any suitable actuation 
means. The actuator means contemplated herein include, but are not 
limited to pneumatic, electric or hydraulic devices. Accordingly, by 
appropriate control of the actuator 27 the axial position of the guide 
rods and thus of the nozzle ring 8 can be controlled. FIG. 1 shows the 
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nozzle ring 8 in its fully open position in which the inlet passageway 
6 is at its maximum width. 

A variable geometry turbine such as that disclosed in FIG. 1 can 
be operated to close the inlet passageway 6 to a minimum width when 
needed for the present invention. The minimum width for the present 
system to control exhaust gas temperatures is smaller than the minimum 
width for normal engine operating conditions. More particularly, in 
one form the minimum width for controlling exhaust gas temperature is 
anticipated to be within a range of about 0 millimetres to about 4 
millimetres. In contrast, in one form the nozzle ring 8 is generally 
closed to provide a minimum width/gap of about 3 millimetres to about 
12 millimetres for an engine operating in the normal engine operating 
range. However, the size of the minimum widths is also generally 
dependent on the size and configuration of the turbine. In reviewing 
the minimum widths for engines operating in the normal range, it is 
appropriate to utilise about 25% to 100% of the maximum gap width. In 
setting the minimum gap width for controlling the heating of the 
exhaust gas temperature, in one form it is appropriate to use about 0% 
to 25% of the maximum gap width. However, other percentages are 
contemplated herein. The minimum width/gap or throat area will be 
utilised herein in defining parameters related to the fluid flow 
through the annular inlet passageway 6. 

FIGS. 2a and 2b illustrate a modification of the turbocharger of 
Fig. 1 in accordance with the present application. Only those parts of 
the turbine which need to be described for an understanding of the 
invention are shown in FIGS. 2a and 2b, which are enlargements of the 
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nozzle ring/inlet passageway region of the turbocharger showing the 
nozzle ring in fully open and fully closed positions, respectively. 
The nozzle ring 8 is modified by the provision of a circumferential 
array of apertures 32 provided through the radially outer flange 21, 
The positioning of the apertures 32 is such that they lie on the side 
of the seal ring 26 remote from the inlet passageway 6 (as shown in 
FIG. 2a) except when the nozzle ring 6 approaches the closed position, 
at which point the apertures 32 pass the seal 26 (as shown in FIG. 2b) . 
This opens bypass flow path allowing some exhaust gas to flow from the 
inlet chamber 4 to the turbine wheel 12 via the cavity 22 rather than 
through the inlet passageway 6. The exhaust gas flow that bypasses the 
inlet passageway 6, and nozzle vanes 10, will do less work than the 
exhaust gas flow through the inlet passageway 6 particularly since this 
is turned in a tangential direction by the vanes 10. In other words, 
as soon as the apertures 32 are brought into communication with the 
inlet passageway 6 there is an immediate reduction in the efficiency of 
the turbocharger and corresponding drop in compressor outflow pressure 
(boost pressure) with an accompanying drop in engine cylinder pressure. 

Thus, with the present invention the provision of the inlet 
bypass apertures 32 will have no effect on the efficiency of the 
turbocharger under normal operating conditions but when the turbine is 
operated in an exhaust gas heating mode, and the inlet passageway is 
reduced to its minimum, the apertures will 32 facilitate a greater 
reduction in inlet passageway size than is possible with the prior art 
without over pressurising the engine cylinders. More specifically, in 
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one form of the present invention, the bypass apertures 32 are designed 
to be normally closed during the normal engine operating conditions. 

It will be appreciated that the efficiency reducing effect on the 
turbocharger can be predetermined by appropriate selection of the 
number, size, shape and position of the apertures 32. 

FIGS. 3a and 3b illustrate a second embodiment of a variable 
geometry turbine. As with FIGS. 2a and 2b, only detail of the nozzle 
ring/inlet passageway region of the turbine is illustrated. Where 
appropriate, the same reference numerals are used in FIGS. 3a and 3b as 
used in FIGS. 1 and 2. FIGS. 3a and 3b illustrate application of the 
present technology to an otherwise conventional turbine, which differs 
from the turbine of FIG. 1 in several respects. Firstly, the nozzle 
vanes 10 are mounted on the nozzle ring 8 and extend across the inlet 
passageway 6 and into a cavity 33 via respective slots provided in a 
shroud plate 34 which together with the radial wall 7 of the nozzle 
ring 8 defines the width of the inlet passageway 6. This is a well 
known arrangement. 

Secondly, in accordance with the teaching of European patent 
number 0 654 587, pressure balancing apertures 35 are provided through 
the radial wall 7 of the nozzle ring 8 and the inner annular flange 20 
is sealed with respect to the housing 3 by a respective seal ring 36 
located in an annular groove provided in the radially inner annular 
portion 24 of the housing 3. The provision of the apertures 35 ensures 
that pressure within the cavity 22 is equal to the static pressure 
applied to the radial face 7 of the nozzle ring 8 by exhaust gas flow 
through the inlet passageway 6. This reduces the load on the nozzle 
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ring with an increase in the accuracy of control of the position of the 
nozzle ring 8, particularly as the inlet passageway 6 is reduced 
towards its minimum width. 

In view of the provision of a radially inner seal ring 36, 
application of the present invention requires provision of gas bypass 
passages 32a in the inner annular flange 20 of the nozzle ring 8. The 
passages 32a are positioned relative to the seal ring 26 so that they 
open into communication with the inlet passageway side of the seal ring 
26 at the same time as passages 32b in outer annular flange 21 thereby 
providing a bypass flow passage through the cavity 22 achieving exactly 
the same effect as described above in relation to the einbodiment of 
FIGS. 2a and 2b. 

Alternatively the outer passages 32b can be omitted, relying on 
the pressure balancing apertures 35 to provide a bypass flow path in 
conjunction with inner passages 32a. 

It is also known to seal the nozzle ring with respect to the 
housing by locating inner and/or outer seal rings within locating 
grooves provided on the nozzle ring rather than locating grooves 
provided within the housing. In this case the seal ring(s) will move 
with the nozzle ring. Specifically, FIGS. 4a and 4b illustrate the 
nozzle ring/inlet passageway region of the turbine disclosed in 
European patent number 0 654 587 modified in accordance with the 
present application. Where appropriate, the same reference numerals 
are used in FIGS. 4a and 4b as are used above. As with the turbine 
arrangement of FIGS. 3a and 3b, the nozzle vanes 10 are supported by 
the nozzle ring 8 and extend across the inlet passageway 6, through a 
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shroud plate 34 and into a cavity 33. Pressure balancing apertures 35 
are provided through the radial wall 7 of the nozzle ring 8, which is 
sealed with respect to the cavity 22 by inner and outer ring seals 26 
and 37. However, whereas the seal ring 26 is located within a groove 
provided in the housing 3, the radially outer seal ring 37 is located 
within a groove 38 provided within the outer annular flange 21 of the 
nozzle ring 8 and thus moves as the nozzle ring moves. 

In accordance with the present application the inner annular 
flange 20 of the nozzle ring 8 is provided with inlet bypass apertures 
32 which pass the seal ring 26 as the nozzle ring moves to close the 
inlet passageway 6 to a minimum (as illustrated in FIG. 4b) . However, 
the outer inlet bypass path is provided not by apertures through the 
nozzle ring, but by a circumferential array of recesses 39 formed in 
the outer annular portion 25 of the opening 23 of cavity 22. As can be 
seen from FIG. 4a, under normal operating conditions the seal ring 37 
will be disposed inward of the recesses 39 preventing the passage of 
exhaust gas around the nozzle ring 8 and through the cavity 22. 
However, as the nozzle ring moves to close the inlet passageway 6 to a 
minimum, as shown in FIG. 4b, the seal ring 37 moves into axial 
alignment with the recesses 39 which thereby provide a bypass path 
around the seal ring 37 to allow gas to flow through the cavity 22, and 
to the turbine wheel via the inlet bypass apertures 32 provided in the 
inner annular flange of the nozzle ring 8. It will be appreciated that 
the effect of the recesses 39 is directly equivalent to the effect of 
apertures 32 and that in operation this embodiment of the invention 
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will function in substantially the same way as the other embodiments of 
the invention described above. 

It will be appreciated that modifications may be made to the 
embodiments of the invention described above. For instance, if only 
one seal ring is required as for example in embodiment of Figures 8, 
and this is located on the nozzle ring, then there will be no need to 
provide aperture 32 in the inner flange of the nozzle ring. Similarly, 
if there are both inner and outer seal rings located in the housing, it 
will be necessary to provide bypass recesses in both the inner and 
outer annular portions of the housing instead of bypass apertures 
through the nozzle ring. 

With respect to the embodiments of the present application 
illustrated in FIGS. 1-4, it should be appreciated that the exhaust gas 
flow bypassing the nozzle ring 8 is discharged into the rest of the 
exhaust fluid flow passing from the inlet passage in an interfering 
relationship. The exhaust gas flow bypassing the nozzle ring enters 
the exhaust flow from the nozzle ring at a steep angle, or 
substantially perpendicularly. 

With reference to FIGS. 5-11 there is illustrated a swing vane 
type variable geometry turbine. The present application incorporates 
herein by reference British Patent Application No. 0407978.6 filed 
April 8, 2004. A swing vane type variable geometry turbine includes 
guide vanes upstream of the turbine wheel that are adjustable to 
control the cross-sectional flow area to the turbine wheel. Turning 
the guide vanes so that their chords are essentially radial to the 
turbine wheel increases the distance between them, the so called 
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throat. Turning the vanes so their chords are essentially tangential 
to the turbine wheel reduces the throat distance between them. The 
product of the throat dimension and the fixed axial length of the vanes 
determines the flow area of any given vane angle. 

With further reference to FIGS. 5-11, there is illustrated the 
variable geometry turbine comprising a turbine housing 100 including a 
volute or inlet chamber 200 to which exhaust gas from an internal 
combustion engine (not shown) is delivered. The exhaust gas flows from 
the inlet chamber 200 to an outlet passageway 300 via an annular 
radially directed inlet passageway 400 defined on one side by an 
annular wall member 500 and on the opposite side by a radially 
extending annular sleeve 700. In this annular sleeve 700 an array of 
circumferentially spaced vanes 800, each of which extends across the 
inlet passageway are supported in such a way that they may be 
simultaneously rotated through rotation of a lever 800a. 

Exhaust gas flowing from the inlet chamber 200 to the outlet 
passageway 300 passes over a plurality of blades 900a of a centripetal 
turbine wheel 900 and as a result torque is applied to a turbocharger 
shaft 1000 (journaled by means of bearings 1000a) which drives a 
centrifugal compressor wheel 1100. Rotation of the compressor wheel 
1100 pressurizes ambient air present in an air inlet 1200 and delivers 
the pressurized air to an air outlet or volute 1300 from which it is 
fed to an internal combustion engine (not shown) . The rotational speed 
of the turbine wheel 900 is dependent upon the velocity of the gas 
passing through the annular passageway 400. For a fixed rate of flow 
of exhaust gas, the gas velocity is a function of the throat width of 
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the passageway between adjacent vanes, which can be adjusted by 
controlling the angles of the vanes 800. 

With reference to FIG. 8, there is illustrated the vanes 800 in 
the annular inlet passageway 400 closed down to a minimum throat width. 
In the vane state set forth in FIG. 8, some of the exhaust gas bypasses 
the vanes 800 by flowing around the vanes through pockets and/or any 
geometrical changes in the sidewalls. With reference to FIG. 9, there 
is illustrated the vanes 800 in a substantially open state. As the 
width of the throat between vanes 800 is reduced the velocity of the 
gas passing through them increases. The bypassing of the vanes within 
the inlet passageway 400 reduces the efficiency of the turbine. 

The movement of the vanes 800 may be controlled by any suitable 
actuation means applied to the attached levers '800a, such as, for 
instance the links 1400. The vanes are preferably constrained to move 
together in unison by a ring that engages them all by the levers or 
interconnecting links. A master link may be attached to an actuator 
(not illustrated) which could be a pneumatic, electric or hydraulic 
device . 

With reference to FIG. 7, there is illustrated one embodiment of 
the present invention wherein one or both of the sidewalls 3000 and 
3001 are tapered in an axi-symmetrical way. The taper of the sidewalls 
allows a portion of the exhaust gas to flow around the vanes and 
effectively bypass the nozzle vane. As the vanes 800 swing from a 
closed state to an open state their trailing edge moves radially 
inwards towards the turbine wheel inlet. The taper on the sidewall is 
designed so that the width between the sidewalls 3000 and 3001 
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increases the further they get towards the turbine wheel. With 
reference to the embodiment of FIG. 1, there is illustrated a linear 
taper. However, the present invention is not limited to linear tapers 
nor that both sidewalls are tapered. In one embodiment with the vanes 
in the open position the clearance will be at a maximum, and as the 
vanes close the side clearance will be reduced to the minimum allowable 
running clearance. The present invention contemplates that the rate of 
taper and the radial position of the start of the taper can be chosen 
to tailor the specific characteristics of the engine. 

With reference to FIGS. 10 and 11 there is illustrated one 
embodiment of a system having a greater degree of flexibility then the 
prior embodiments. The embodiment of FIGS. 10 and 11 includes a vane 
800 having associated therewith a discrete pocket 1500. The discrete 
pocket 1500 can be located in one- or both of the sidewalls. In one 
form the pockets 1500 take the substantial form of a sector over which 
the vanes 800 sweep over as they are rotated. In one form each of the 
plurality of vanes has associated therewith a pocket. The start and 
stop of fluid flow through the pocket 1500 can be manipulated by 
positioning of the leading and trailing edges of the pocket. The 
magnitude of the fluid flow through the pocket can be manipulated by 
the width and depth of the pocket. The pockets allow for the passage 
of a portion of the exhaust gas around the outer surface of the vane, 
thereby bypassing flow through the vanes in the nozzle stage. A 
variety of shapes for the pockets are contemplated herein to meet the 
design parameters for the turbine. The pockets 1500 which are 
generally exposed to the exhaust gas flow during the normal engine 
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operating range have little effect during this period because there is 
not created a substantially enclosed passageway around at least a 
portion of the vane. During the opening of the vanes to the exhaust 
gas heating location the pockets are exposed to the exhaust gas flow. 
A portion of the exhaust gas flows through the pockets and bypasses 
around the vanes 10 located within the inlet passageway 400. 

The systems for some variable geometry turbines have been 
described above with reference to FIGS. 1-11. While the present 
application is preferably applicable to controlling the types of 
variable geometry turbines described above it should be understood that 
the present inventive methods are applicable to controlling a great 
variety of other types of variable geometry turbines . The present 
invention relies upon controlling the exhaust gas temperature by 
changing the size of the exhaust passage and bypassing a portion of the 
exhaust gas flow around the vanes within the inlet passageway of the 
turbocharger . 

In variable geometry turbine systems utilising a nozzle ring the 
nozzle ring is moved axially to close down the size of the inlet 
passageway in response to the temperature within the after-treatment 
system being below a threshold temperature. The temperature within the 
after treatment system is determined by the temperature detector. In 
one form the temperature of the exhaust gas is queried at a plurality 
of closely timed intervals^ and in another form the detecting of 
temperature is almost continuous. However, determining the time 
intervals for detecting are believed to be within the skill of a person 
or ordinary skill in the art. Upon the temperature within the after- 
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treatment system being determined to be below a threshold temperature 
the nozzle ring is moved axially to an exhaust gas heating locatipn 
below that required for normal engine operation. At the exhaust gas 
heating location the nozzle ring is maintained for a period of time 
until the detected temperature is at or above the threshold 
temperature. With the nozzle ring positioned at the exhaust gas 
heating location the bypass passages are exposed to the exhaust gas 
flow and exhaust gas bypasses around the backface or under the nozzle 
to bypass the vanes. 

The axial movement of the nozzle ring results in a decreased flow 
area in the inlet passageway and the uncovering of the bypass passages 
allows exhaust gas to flow around the nozzle. The result is a 
reduction in the turbine stage efficiency and causes the airflow to be 
reduced and increase the pumping work of the engine to maintain a 
desired power level. In one form the desired power level is that level 
established prior to the determination to increase the exhaust gas 
temperature. In one form the resulting exhaust gas temperature is 
increased significantly above the threshold temperature. 

With reference to the system in FIGS 2a and 2b, the exhaust gas 

flows from the inlet chamber 4 to the turbine wheel 12 via the cavity 

22 rather than through the inlet passageway 6. With reference to the 

( 

system in FIGS. 3a and 3b, the system includes passages 32a that open 
into flow communication with the inlet passageway side of seal ring 26. 
The exhaust gas bypasses through the passages 32a to the cavity 22 and 
from there to the turbine wheel 12. With reference to FIG. 4a and 4b, 
there is illustrated a system wherein the nozzle ring moves to close 
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the inlet passageway 6 to a minimum width for exhaust gas heating and 
the seal ring 37 is brought into alignment with recess 39. Thereby 
establishing a bypass path around seal ring 37 to cavity 22 for passage 
of the exhaust gas. 

With reference to the systems utilising' a swing vane type 
variable geometry turbine the plurality of vanes are moved in unison to 
close down the size of the inlet passageway in response to the 
temperature within the after-treatment system being below a threshold 
temperature. Tlie temperature detector determines the temperature 
within the after-treatment system. In one form the temperature of the 
exhaust gas is queried at a plurality of closely timed intervals, and 
in another form the detecting of temperatures is almost continuous. 
However, determining the time intervals for detecting the temperature 
is believed to be within the skill of a person or ordinary skill in the 
art. Upon the temperature being determined to be below a threshold 
value the vanes are rotated to an exhaust gas heating location that 
defines a flow path smaller than is required for normal engine 
operation. At the exhaust gas heating location the vanes are 
maintained at this position until the temperature reaches the threshold 
temperature. With the plurality of vanes positioned at the exhaust gas 
heating location at least a portion of the exhaust gas flows 
around/bypasses bypassing the vanes as it flow to the turbine wheel. 

While the invention has been illustrated and described in detail 
in the drawings and foregoing description, the same is to be considered 
as illustrative and not restrictive in character, it being understood 
that only the preferred embodiment has been shown and described and 
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that all changes and modifications that come within the spirit of the 
invention are desired to be protected. It should be understood that 
while the use of the word preferable, preferably or preferred in the 
description above indicates that the feature so described may be more 
desirable, it nonetheless may not be necessary and embodiments lacking 
the same may be contemplated as within the scope of the invention, that 
scope being defined by the claims that follow. In reading the claims 
it is intended that when words such as ''a," ''an," ''at least one," "at 
least a portion" are used there is no intention to limit the claim to 
only one item unless specifically stated to the contrary in the claim. 
Further, when the language "at least a portion" and/or "a portion" is 
used the item may include a portion and/or the entire item unless 
specifically stated to the contrary. 
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